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Foreword

This report was prepared as part of an initial effort by the Office
of Evaluation to examine the effectiveness of rural potable water pro-
jects assisted by A.1.D. Field research was conducted during the summer
of 1979 by Daniel Dworkin with the assistance of Elliott Morss and Ross
Hagan of Development Alternatives, Inc., in Tanzanlia and Ross Hagan in
Kenya. The Kenya results, which include observation on the impact of
A.,I.D. projects, were published by this office under the Project Impact
Evaluation series. Focusing on technical, administrative and financial
viability issues of rural water systems in Tanzania, this study is
useful for several reasons: 1t is based on field observation in one of
the least developed countries which has made a serious commitment to
provide safe water to its rural citizens, it examines the variety and
appropriateness of the technological approaches for supplying water to
rural areas, and it contains a number of findings and proposals worthy
of serious consideration by foreign assistance donors and host country
officials as they prepare to meet the challenge of delivering a basic
human requirement: safe reliable water.
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I. SUMMARY

AID is assisting the Govermment of Tanzanla in providing improved
water systems in rural areas. This study was carried out to Help ensure
that these efforts result in systems that work, are used, and provide
benefits to the users. This report has three major lessons:

TECHNOLOGICAL LESSON

Shallow wells with handpumps are the most appropriate
technology for supplying water in rural Tanzania.

Shallow wells are more reliable, have a lower capital
cost, and are the least expensive systems to operate.

Recommendation: USATD should specify the use of shallow

wells with handpumps for village water projects in
Tanzania.

SOCIAL LESSON

A number of systems in rural Tanzania are not function-
ing because of a shortage of funds to buy fuel or to
replace worn parts., Most users would be willing to pay
if the systems were perceived as useful and if the
payments were equitable,

Recommendation: Users should pay the full costs of oper-
ating and maintaining the systems. Rural water projects
should always incorporate a method for assessing users
and collecting funds sufficilent to cover operating and
maintenance costs.

ADMINISTRATIVE LESSON

Some donors set up completely separate parallel organiza-
tions with offices physically separated from the office

of the Regicnal Water Engineer who will eventually be
responsible for the project. Without close coordination,
successful continuation of the project will be less likely.

Recormendation: Thogse who plan projects should ensure that
there is an integration of project activities and activ-
ities of the Regional Water Engineer.

The following sections of the report will show how we arrived at
these conclusions and will make additional suggestions for developing
projects for Tanzania,



Ir. THE STUDY

This evaluation of rural water projects in Tanzania took place
over a six week period in July and August, 197%. The team for this
evaluation consisted of three core members: Daniel Dworkin, a
geographer with USAID; Elliott Morss, an economist with Development
Alternatives; and Ross Hagen, an engineer with the same group.

William Balalie, a hydrologist with the Ministry of Water, Energy,

and Minerals (MAJI), was the head of the Tanzanian group that partici-
pated, which included Regional Water Engineers, interpreters, and
support staff.

The team visited 20 villages that were selected after discussions
with MAJI officials and donors. The main criteria for selection
were: 1) that the systems were completed; 2) that they represented
the technological diversity of rural water supply systems in the
country; and 3) that they represented regions with different natural
water resources.

The sites we visited represent the four major techmnologiles in
use in dry regions (Shinyanga and Singida), wet regions (Iringa and
Mbeya), and mixed regions (Morogoro). We did not attempt to provide a
statistically representative sample of the water program. At each site
a standardized interview schedule was used to collect data. The group
responding consisted of the village chairman or secretary, and a
group of village elders. Women were not usually part of the group
interviewed, but there were exceptions. A description of our field
studies is contained in Appendix A,

The evaluation would not have been possible without the assist-
ance of Mdugu Kassum, Minister of Water, Energy, and Minerals, whose
staff provided vehicles and field support for the team. The Regional
Water Engineers and their staffs, the village leaders, and elders
also provided unstinting support. The evaluation effort would have
been far less pleasant if the Australians of Snowy Mountain Engineering
had not welcomed us in Singida and provided unlimited hospitality and
professional support. Chartered aircraft and other travel expenses
were funded by USAID.



II7I. THE SETTING

Developing, implementing, and administering a rural water system
should ideally be based on conditions in each village that 1s served,
rather than be imposed as a decision based on the small sample of villages
chosen for this study. The history of past investments and the constraints
imposed by climate, economics, and the institutions, however, are compel-
ling arguments for the use of the simplest, least expensive technology.
This section cutlines the constraints on the technologies used to supply
water in rural areas.

CLIMATE

Rainfall is a major factor in the cholce of technology. The amount
of rainfall the country receives varies widely from less than 500 milli-
meters to over 2000 millimeters as an annual average. Less than half
the country receives an average of 750 millimeters or more, which is a
minimum for productive agricultural use. Distribution is as important
as the amount, In most of the country, rainfall is confined to two per-
iods. Some lakes and surface storage areas dry out completely during the
dry periods, only to fill and sometimes flood during the rains. The
ground water level of some aquifers declines. The aquifers that are
sources of water for shallow wells are particularly affected.

Streamflow varies with rainfall. Some streams dry up completely
during the dry seasons while in others the flow is reduced. Flows during
the rainy pericd are very high and frequently the supply intakes become
silted or wash out.

During rainy periods, rural residents can collect water from a number
of sources that are not available in dry periods., This is critical for
planning water systems, since anticipated benefits frequently assume that
the improved source of supply will be used exclusively. It is difficult
to convince a rural resident to collect water from an improved source
that is further than a traditional source close at hand.

Rainy periods may prevent delivery of fuel or spare parts, since
some roads become impassable in the rainy season and bridges may wash out.
During the evaluation, access to many of the areas in the country was not
possible by road.

SETTLEMENT PATTERNS

The Govermment encourages rural people to resettle in villages. This
policy makes it easier to provide people with an improved source of water,
since a number of families can be served by each communal water soutrce.

The village relocation program in proceeding. In mid-1977, 12
million people out of a total population of 14 million lived in 7300
villages. Projections are that by 1981, virtually all the 15.7 million
people of the country will be living in 8000 communities.



Although there are advantages to supplying water to a grouped com-
munity rather than to a dispersed population, planners did not use avail-
ability of water as a criterion for village location. As a result, many
villages have no convenient source of water.

GOVERNMENT POLICY

Government policy and Govermnment actions conflict; the result is
that the national program lacks financial support and is inconsistent in
the technologies 1t uses and the obligations it puts on the communities.
The following historical review of policies furnishes a perspective for
understanding the present situation.

The policy of the Government in rural water supply has undergone
a number of changes. The initial goal, set forth in the second develop-
ment plan in 1969, was to provide water for everyome im rural areas within
40 years. Im 1970, the time period was shortened and interim goals were
set:

® to provide a source of clean and dependable water within
a reasonable distance (less than 4 km) of each village
by 1981 as a free basic service; and

e to provide a piped water supply in the rural areas by
1991 so that all people will have access to a public water
supply within 400 meters.

By 1976 the emphasis had been changed. The Third Fjve-Year Develop-
ment Plan (1976-1981) included the following guidelines: :

e village water systems should consist of small and simple
systems at low costs;

] various methods of water collection should be used, e.g.,
rainwater collection;

® suitable water lifting devices include handpumps and wind-
mills;

o every 100 villagers will have at least one water source; and
) the village program is not primarily to provide piped water.

Recently the Government changed its policy in twe ways: it dropped
the 1981 interim goal that each village have at least one source of water;
more significantly, it required users to pay for water. The 1991 goal
still stands, although the requirement for piped supply conflicts with

the 1976 guideline that states that the village program is not primarily
to provide piped water.

This inconsistency would not be a problem if a central ministry
controlled the formation and implementation of programs. In Tanzania



this is not the case. There are 20 regions, each with its own rural
water program. In some of the regions, diesel-pumped water systems with
extensive distribution networks are used for rural supply, while other
regions rely on hand-dug shallow wells with handpumps. In some regions,
users are asked to pay during periods of the year and in other regions
they are never asked to contribute.

SYSTEM FUNDING

Present budgets fail to provide the level of funding necessary to
maintain and operate the systems. In the Lake Regions, most of the sys-
tems have diesel pumps with large piped networks. The 1976-77 budget
provided only 15 percent of the funds necessary to operate and maintain
the system and to rehabilitate those systems that were ngt functioning.
The funds were only sufficient to purchase fuel and cil.“ As a result
the systems are not functioning. Mr. Ndugu Kassum, Minister of Water,
Energy, and Minerals (MAJI) announced in the National Asgembly that 60
percent of the West Lakes systems needed rehabilitation.

The year 1976 was a year of export growth, 1In other years when
exports declined, the funds for the systems were even more restricted.
The Government deliberately reduced the funds for imports of parts and
fuel, even though it was aware that 1t would cause deterioration of
rural water systems.

In addition to MAJI, two other agencies fund projects for rural
water supply: the Community Development Trust Fund {(CDTF), a private
donor organization, and the Regional Development Fund (RDF), a grauting
agency supported by the Govermment of Tanzania. WHO estimates that 1.5
million people are served by systems funded by these organizationms.

Ninety percent of the cost of the rural water supply development
program is being financed by donors. The Swedish International Develop-
ment Authority (SIDA) has been involved since 1965; through 1978 it
has provided nearly $50 million. Ten other countries and several multi-
lateral donors (including IBRD, UNICEF, UNDP and WHO) have also provided
assistance. The United States has included rural domestic water supply
as part of its rangeland project and 1s now including water supply as
part of the Arusha Integrated Rural Development Project. The data on
specific assistance activity to 1978 is outlined in Appendix B.

PRESENT SITUATION

Estimates vary on the number of persons served by rural water supply
systems. MAJI stated recently that 6.5 gillion persons, or 38 percent of
the rural population, had "clean water.'"® Presumably this includes the
design population of all systems built in the country. Other estimates
are lower. A recent report estimates that six MAJI schemes in rural areas
have a design population of 4.5 million.’/

Design population, however, differs from the actual population served
because a system might not be operating or might not be serving the popu-
lation for which it was planned. The same report estimates that three
million persons were actually served from existing MAJI systems.



The lack of a national program has resulted in wide variation in pro-
jects. Complex technologies predominate in one region while simple systems
are emphasized in another. Donors chose technologies on the basis of their
interest and traditional approach, rather than on the most appropriate
gsolutions for the physical and social setting. The guidelines of the Third
Five-Year Development Plan have been almost completely ignored or contra-
dicted. In Shinyanga, a rural water system means hand-dug shallow wells
with Shinyanga handpumps. In Singida, with much the same physical and
soclal setting, the technology used is predominantly deep wells with dual
pumps: a windmill and a standby diesel unit. 1In Iringa, they emphasize
gravity systems. Morogoro emphasizes hand-drilled shallow wells with kan-
garoo handpumps. Tanga is served by an extensive gravity pipeline. 1In
the West Lakes area, systems are diesel-pumped. More details on particu-
lar water systems are in Appendix A.



IV. TECHNOLOGICAL ISSUES: THE CASE FOR SHALLOW WELLS

The evaluation sample included 20 villages, one with two different
systems. In addition to the three donor projects, there were gravity
systems, dlesel systems, and shallow wells built by the Regional Water
Engineers. In this section we present the comparative data on reliabil-
ity and costs of the systems. Appendix A contains the field studies.

SYSTEM RELIABILITY

A rural water system should deliver water reliably. We chose as a
measure of reliability the number of months in a year that water is
actually available. The data we gathered are based on the statements of
villagers, operators, and Regional Water Officials, since no operating
logs are kept. We transformed their statements about the systems into
approximate figures for the year, which are shown in Table 1. The data
demonstrate that shallow wells and windmill/diesel systems are the most
reliable systems, gravity systems are less reliable, and diesels are the
least reliable,

Table 1

THE AVAILABILITY OF WATER IN DIFFERENT WATER SYSTEMS

Region and Water Available Region and Water Available
Technology Months Per Year Technology Months Per Year
Shinyanga Singida
Shallow Well 9.0 Shallow Well 1.0
Shallow Well 11.7 Windmill/Diesel 12.0
Shallow Well 11.8 Windmill/Diesel 12.0
Shallow Well 12.0 Diesel 5.0
Shallow Well 11.86
Shallow Well 12.0 Mbeya
_ Gravity 9.0
Morogoro Gravity 11.0
Shallow Wellb 12.0 Gravity 10.0
Shalliow Well 12.0 Diesel 9.0
Gravity 9.0
Diesel 10.5 Iringa .
Diesel 6.5 Gravity 12.0

a. This shallow well replaced a completely unreliable diesel sysbem.
b A project and nonproject system
. A MAJI system.

Five of the six villages with shallow wells in Shinyanga had water
for more than 11.5 months during the year. Two of the Shinyanga villages
had water the whole year and the other three villages were able to get
water from the shallow wells for 50 weeks or more annually. One of the
villages reported that water was not available for an average of three



months annually. The two villages in Morogoro served by shallow wells
had water vear-round. In Singida, the shallow well system built by the
regional office of MAJI was not reliable,

The good record of reliability of the shallow well systems results
from the use of multiple wells in a single community. The Shinyanga
village with the unreliable system had a single shallow well. The unreli-
able Singida system was bullt by a Regional Water Engineer; two wells were
constructed using the methods of the shallow wells project, but one was
never furnished with a cover or handpump and the handpump on the other
well separated from its base soon after installationm.

The two windmills of the windmill/diesel systems were operating
reliably; the problems were with the diesel engine. In one system the
engine required and received frequent repair; the other engine worked, but
the supply of diesel fuel was irregular. When funds were low, the regional
officials asked the community to pay for the fuel, but now there is a dis-
pute between them over whether the villagers did or did not pay for it.

The team investigated five gravity systems., Two furnished water on
an average of more than 11 months each year; the other three were out of
service for two months or more each year. They all failed in the rainy
season when silt clogged the intake structures. Alternate sources are
available during the rainy season, so the effect on the community was less
than if the shortage had occurred during the dry period.

Diesel engines alone were used in five communities. None worked
dependably, The most dependable diesel system was out of service an
average of 1.5 months each year. One of the systems was out of service
more than it operated. The reasons for the poor record include lack of
fuel, poor system design, and poor maintenance,

CAPITAL COSTS

Estimated costs of water systems in the country range from Sh 80 to
Sh 600 per person. Most of the estimates are from the reports of Regional
Water Engineers for the period from 1970-1975, updated to 1976 by an infla-
tion factor. Data for the shallow wells are from the records of the :
Shinyanga project.

Shallow wells have the lowest capital cost of any of the other tech-
nologies. Each well costs Sh 20,000, which includes all direct and
indirect costs of construction. 8Since each well is intended to serve 250
people,_it costs an average of Sh 80 for each person of the design popu-
lation.

Windmill/diesel systems are the most expensive method of providing
water for a community. The windmill and the diesel are separate systems
each requiring a well. The only common elements are the water distribu-
tion system and the storage tank. The experience with installation of
windmills has not been long enough to develop independent figures for the
combination, but since a diesel-pumped well costs Sh 306 per capita and



since windmills are more expensive than a diesel engine, the costs will
be over Sh 600 per capita,

The cost of a system using a diesel engine to power a pump depends
on the cost of developing the source of water: building a dam or drili-
ing a well. A diesel-powered well will cost approximately Sh 260 per
capita. A diesel system using surface water costs about Sh 360 per capita.

Gravity systems cost an average of Sh 213 per capita; the major item
in the cost is the plping. The systems need better designed and presum—
ably more expensive intakes to prevent clogging during the rainy seasons.

OPERATING COSTS

Most of the capital costs for developing rural water systems have
beew. provided by outside donors, but few are willing to provide funding
for the continued operation of the system. These operation and mainten-
ance costs are critical. The Government budgets of Tanzania have never
provided adequate funds for the systems in place and, because of rapidly
escalating costs, this may become an increasing problem.

Operating and maintenance costs are lowest for shallow wells and
are closely followed by the costs of gravity systems. Pumped surface
water and pumped wells which are predominantly diesel-powered are the
most expensive to operate and maintain (Table 2). There is not enough
experience with windmill/diesel systems to estimate costs.

Table 2

PER CAPITAL ANNUAL COSTS OF OPERATING AND
MAINTAINING WATER SYSTEMS ($US)

Fuel and Spare Parts, + Salaries to:
Type of System Lubricant Transport Maintain Operate Total
Shallow Well - - ) .40 .26 - .66
Gravity - .32 .26 .38 .96
Pumped Surface .51 .63 .26 .38 1.78
Pumped Well .51 .81 .26 .38 1.96

Source: World Health Organization/World Bank Cooperative Program,
United Republic of Tanzania Rural Water Supply Sector Study,
(Geneva, Jan. 1977), Second Draft Annex 9, pp. 23-28. No
estimates are avallable for windmill/diesel units.

Any analysis of costs in Tanzania should consider whether these are
incurred for labor, for fuel, or for imported or locally available mate-
rials. The fuels for pumped systems are all imported; the costs have
more than doubled since the data were gathered in 1976. The spare parts
of pumped systems are primarily imported and therefore require foreign



reserves. Shallow wells and gravity systems, on the other hand,

require no fuel and fewer spare parts, which are also mostly of local
manufacture, Thus if we were to update the costs of running the systems,
diesel systems would appear even more expensive,

The economic message is clear. Where possible, Tanzania should con~
centrate on shallow wells and gravity systems. Where this 1s not possible,
an approach not yet used in the country should be tried: hand-pumped deep
wells as a substitute for power-driven deep wells.

SUMMARY OF TECHNOLOGICAL ISSUES

We have shown that shallow wells should be the first choice of tech-
nologies to serve rural Tanzania. They are the most reliable systems,
they cost less to install and less to operate, they are labor intensive,
and the materials they use are almost completely of local origin, which
itself creates local employment.

The choice of shallow wells will become increasingly important as
the costs of fuel to power diesel pumps and raw materials to fabricate
PVC pipe become more expensive. Since both these items are imported, they
affect the balance of payments, a perennial problem in Tanzania.

However, technology is only one factor in the success of rural water
programs. It is important to integrate the technological choices with
the social and administrative issues. In the following sections we dis~
cuss these two concerns.

V. SOCIAL ISSUES:
WHY USERS SHOULD PAY FOR WATER

This section makes three polnts: there is a need for more funds for
operating and maintaining rural water systems; the funds can be obtained
from users, since they are able and willing to pay for water in the right
circumstances; and users must be involved at some level in the water supply
decision if payment systems are to succeed.

FUNDS ARE INADEQUATE

The present level of funding is inadequate to insure the continued
operation of the rural systems., With the exception of the shallow well
projects in Shinyanga and Morogoro, most systems are not working well.

MAJI stated that 60 percent of the operating water schemes in the Lake Zone
regions needed rehabilitation.? A survey of water systems run by MAJI
indicates water is provided on an average of only eight months out of the
year in these regions. Two-thirds of the pump units there need replace-
ment or require a complete overhaul.

There is no effective organization to provide the maintenance even
if funds were available. In the Mwanza region the capital costs of an
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operating and maintenance system is estimated at Sh 4,275,000 and requires
an additional Sh 500,000 for training. Only Sh 730,000 were available.,ll

The problem in Mwanza is neither unique nor universal. In the regions
covered by the evaluation--Shinyanga, Singlda, and Morogoro--organiza-
tions that were set up for the projects can serve to maintain the water
systems after the projects are completed. This has already happened in
Shinyanga: the staff trained under the donor program is now operating
under the direction of the Regional Water Engineer.

But even if the organizations were formed, the funds for operation
and wmaintenance needs would not be available. In 1976, less than 60 per-
cent of the funds for fuel and operators, and only 10 percent of funds
required for maintenance, were provided.12 During periods of financial
crisis the Govermment cut back on the already low levels of funding, know-
ing that the restricted budgets would cause the rural water systems to
deteriorate for lack of maintenance.

The evaluation occurred during the war with Uganda; gasoline was not
always available for the Regional Water Officials. The work of the wind-
mill/diesel project in Singida was halted because of the shortage of fuel,
although it was available in commercial service stations.

The problem of funding rural projects will continue to increase as
more persons in rural areas have access to water. The amount required is
always cumulative and each year's budget must be increased by the rate of
inflation of costs of fuel, spare parts, vehicles, and other items required
to keep systems operating. To ensure that money 1s available, the users
must provide the necessary funding.

USERS ARE ABLE AND WILLING TO PAY FOR WATER

There is extensive evidence that users will pay for service if it
meets their needs and if they consider the assessed rates to be fair. Most
rural water systems in Latin America use the willingness to participate in
the financing of a water supply as a major criterion for selecting villages
to receive water supplies; in other areas of the world the willingness cto
participate is not considered as important.l To provide the necessary
funding, the Govermment should consider the willingness to contribute as
an important criterion for selecting communities to feceive improved sup~
plies.

There are some problems in getting communities to pay for systems
that are seen as Govermnment choices rather than individual choices. Indi-
viduals who are asked to pay should be as deeply involved in the water
supply decision as possible. The community should at least be aware of
what will be done and should help develop the rate structure. Whenever
possible, they should also be involved in choosing technologies and should
be aware of the costs of the technology that they choose,

Users pay when they can perceive benefits from the improved supply.

Of the 20 communities we visited, 16 perceive an improvement in health,
three do not, and in one community the opinion is divided. Health
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improvements are perceived even though some of the systems are unreliable
and could provide few real health benefits. The communities also claim
that the system improves productivity and provides more free time for the
women.

USERS MUST BE INVOLVED IN A PAYMENT SYSTEM TO ENSURE SUCCESS

When users help to decide on a payment system it becomes a community
agreement supported by the pressure of community residents. There are
inevitable inequities in the service and use of water in a community. One
person may live nearer, one may have more cattle, another may use water
for minor irrigation. Community residents can adjust the rates for water
to accommodate these concerns,

Some rate structures do not even depend on individual payments. One
community used the profits from a cooperative grain mill to pay the neces-
sary expenses, However, examples of successful payment systems are rare,
while systems where users failed to pay are numerous.

The difficulty of raising funds for water is understandable. The
Government provides the systems and in most instances no villager is
asked to contribute, In the shallow well projects, installation labor is
paid. When water systems are built by the Government, people mnaturally
believe that the Government should pay for the operation. At times of
economic austerity, when users are asked to pay, the questions of who pays
how much then become important: should the fee be by use, by proximity
- to a communal facility, or by ability to pay? These questions are settled
and adjusted more readily if an adequate rate structure is determined
Lefore any system is built,

VI. ADMINISTRATIVE ISSUES:
THE CASE FOR INTEGRATING DONOR PROJECTS

Tanzania is not receiving all the possible benefits from donor pro-
grams because the activities of the Regional Water Engineers and the donor
projects are not always closely integrated, There are three possible ways
to provide integratiom: provide counterpart personnel who are trained in
the methods and techniques of the project; periodically review and inte-
grate activities of both donor and Regional Water Engineers to prevent
duplication of efforts; and finally, to adopt or adapt the innovative
methods of donor projects into the regiomal program.

THE NEFED FOR TRAINED COUNTERPARTS

The regional authorities have not provided the mumber of counterpart
technicians that were specified by any of the three donor projects. This
represents a missed opportunity. It can affect both the current opera-
tion of the project, the spread of useful technology, and the future oper-
ation of the completed projects.
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Projects are designed by donors and Tanzanians who often have a
limited knowledge of the fleld conditions within the region. At an early
stage a local counterpart technician could influence the project activities
to reflect actual conditions rather than those that are assumed to exist.
The person could provide bridges between the various groups that have an
interest in the project: Regional Water Engineers, local suppliers,
and beneficiaries. :

Presumably the donor projects are designed to alter current practice
in some way: modify the administration of water systems; Iintroduce an
innovative technology; or change the method of implementing a project.
The counterparts can ensure that useful immovations will continue and,
if appropriate, spread to other regions.

The counterpart personnel will be responsible for operating the
project when the donor leaves. If the persons are not trained, the con-
tinued operation 2f the project may be impossible and the work will be
wasted. As an example, in Singida the Australians are establishing
stream-monitoring networks for previously unmeasured streams. At the
conclusion of the project, Tanzanians will be responsible for the continued
operation of the system—-but without the skills for operating and maintain-
ing the equipment, the system will become worthless. At the time of this
evaluation there was no one who was available for training.

THE NEED FOR PROJECT REVIEW AND INTEGRATION

The Regional Water Engineer and the donor have a common cbjective:
to provide rural villages with useful water systems. Duplication may
result unless there is a periodic review to plan future activities. We
saw both good and poor examples of review and integration. In Singida
the Regional Water Engineer and the Australians meet periodically to dis-
cuss the project and there is also continual informal interchange. The
Australians have become informal advisors to the vehicle maintenance
facility and have a formal role 1n training mechanics. The interchange
is made easier by the physical arrangement of the facilities: the
Australian offices are in the same compound with those ot the Regional
Water Engineer.

The Morogorce region does not have the same close liaison. The com-
pounds are physically separate and there is little interchange between
the Regional Water Engineer and the head of the donor project, who plan
and operate independernitly. As a result of this independence of action, a
single village received three water systems--in a region where the majority
of villages have none, The problems of this single community illustrate
not only poor coordination, but also the point that we make in the next
section on adoption of technology.

THE NEED TO ADOPI INNOVATIVE METHODS
The Regional Water Engineers should adopt those methods that are

more suitable than those they currently use. Not all donor projects or
methods are useful, but some are far better than existing practices.
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For example, the method for building shallow wells that was originally
part of the Shinyanga project has been improved and is being introduced
in Morogoro. The Australians in Singida and the Americans in Arusha

have also adopted this method. It is inexpensive, requires a minimum
amount of material, provides local employment, requires few imported com-
ponents, and takes less than three person-months to complete.

This is a more suitable technology than the standard shallow well
built by the Regional Water Engineers: massive structures eight feet in
diameter which require large amounts of cement and an average of 60
person~-months to complete.

The Morogoro village cited earlier had a recent cholera outbreak
and was a natural choice for an improved water system. One of the three
systems it got included the type of well built by the Regional Water
Engineer, which indicates that the local program has not incorporated
the better methods developed by the donor.

In some cases the newer wells are not only easier to use, but safer.
In the case of the project wells the pump is mounted at ground level.
The others require climbing four steps to a raised platform to operate the
pump. In addition, one of the imported pumps on the large shallow wells
requires priming, which could allow the well to become polluted.

VII. OTHER ISSUES

This assessment has made three points: the situation requires
simple technologies, users should pay for the operation of water systems,
and donor projects and vural activities in the region should be closely
integrated. There are three additional issues which are less significant
for the overall operation of the rural water program, but which should
nonetheless be considered by AID: the preparation of water master plans,
the standardization of components of water supply systems, and the need
for a different mix of wvehicle types in the country,

WATER MASTER PLANS

Water master plans are studies of the availability, the need, and
the plans to meet the needs for water for each region over an extended
time period. These plans cost as much as Sh 35 million and take up to
four years to complete. Preparing a water master plan requires that the
following tasks be done:

e analyze existing data on water resources;

e compile data on withdrawing and using water;

* inventotry existing domestic water supplies, describe

their operating status, and devise a program for
thelr rehabilitation, maintenance, and operation:
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® project water use over 10-, 20-, and 30-year periods;
and

o devise a plan to complete and extend the data base.

Water master plans are essential when an area's water resources
must be completely developed, as in most arid areas. Regional master
plans could also be useful for national planning in Tanzania, but those
that have been prepared to date are not compatible.

What would be useful is the part of the plan that assesses supplies,
including both traditional and improved sources. TIn addition, a prelimi-
nary assessment of water supply potential should be synthesized from
existing sources and secondary data. This assessment should evaluate the
adequacy of the existing hydrolegiecal and meteorological monitoring
methods and networks and should consider funding an improved and expanded
system where necessary.

THE NEED FOR UNIFORMITY OF COMPONENTS

The rural water program in Tanzania is less effective than it could
be because components of water systems are not uniform. The Singida
project tried to use pumps that were available in the country, but when
none were available, they introduced a different pump. This increased the
complexity of maintenance. Diesel engines used for rural water systems
are made by a number of different manufacturers. We encountered British,
Italian, Indian and American diesel engines.

The same situation applies to almost all the components in water
supply systems. It is difficult for the country to maintain adequate
inventories of all makes and models of water components. The Government
should assess the suitability of water system components, establish an
approved list, and insist on compliance by donor agencies.

THE NEED FOR VEHICLES

MAJTI is severely hampered by lack of vehicles. The country needs to
greatly expand its fleet to carry out the necessary tasks of servicing
and installing water systems,

The standard vehicle in use Is a Land Rover assembled in the country.
It has four-wheel drive and is suitable for all areas of the country,
especially where other vehicles would get mired. However, the Land Rover
is an expensive vehicle to buy and operate. MAJI officials spend a consid-
erable amount of time traveling long distances on relatively well-main-
tained roads. For these trips, some thought could be given to selecting
lighter vehicles that have far lower capital and operating costs.

15



VIII., Conclusion

There are three conditions that would ensure that rural water systems
are and will continue to be successful 1in Tanzania. The technology must
be simple, the funds for operation must be provided by the community
served, and the donor project should be integrated with the activities
of the regional water engineers.

The shallow wells projects in Shinyanga and Morogoro are both
successful because the technology is particularly appropriate for the
social and environmental conditions, but neither project has satisfac-
torily resolved the problem of local financing. Their continued success
will depend on a satisfactory resolutlon of this problem,

The success of the shallow wells projects compared to the performance
of other technologies suggests that, where possible, shallow wells
should be the technological choice. With community support to assure
their continued operation, these systems can serve much of the rural
area of the country with a dependable supply of water at low cost.
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APPENDIX A

FIELD STUDIES

The team visited a total of twenty villages for the evaluation,
which covered all the technologies currently used in Tanzania: shallow
wells, diesel-pumped systems, gravity systems, and windmill/diesel com-
binations., The team visited three projects funded by donors: a shallow
wells project completed in Shinyanga (Case 1), one underway in Morogoro
(Case 2), and a diesel/windmill system just starting in Singida (Case 3).
Following the presentation of these three cases, we present information
on gravity systems and diesel systems. BSection IV, Technological Issues,
crmnarae rha valiahi{]ity and costs of the various systems,
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Cava 2:  wacwinnea SHALLOW WELLS PROJECT

The Shinyanga shallow wells project was a joint project between
Tanzania and the Netherlands, started im 1974. 1Its objectives were to:

° form a construction unit to build 700 shallow wells in
two years;

e guide the construction program during a nine-month start-
up period and for two years of construction; and

° train counterpart personnel to ensure continuation of
the project.

Shallow wells are common in the Shinyanga region, and throughout
Tanzania. All are open wells where the user gets water with a rope and
bucket. 7The new project provided sealed wells with handpumps. The
project faced a number of delays from the start. Some of them resulted
from poor support by the government while others resulted from poor
implementation plans or from an expansion of the scope of work.

The Government failed to provide the promised number of qualified
counterparts. It was difficult to get basic materials such as cement.

*DHV Consulting Engineers, Shallow and Medium Depth Wells: Final Report
(Amersfoot, The Netherlands, n.d.), Part I, P. 1l4.
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Finally, the first wells could not be completed because the pumps that
were to be supplied by the government were not provided. As a result,
the project manufactured pumps adapted from a Ugandan design. The pump
used local materials with the exception of an imported valve assembly.

The project was intended to provide the techmical assistance and
materials to build the system, but to depend on local labor contributions
in the actual construction. This plan did not prove possible, since
people did not volunteer. Some of the reasons cited were: the community
was not involved in the planning and did not understand what was going
to happen; because of Govermment policy, people =xpected water as a free
service; villages were either newly formed or newly expanded (under the
Government program to relocate everyomne in villages) and individuals were
required to expend all their energies on new homes and schools; and fin-
ally, a system with handpumps was not considered modern,

Two approaches were used to combat this indifference. The first was
to pay a wage for the local labor. This was Sh 5 (Tanzanian shillings)
per day compared to a normal wage of Sh 15. The second involved the local
community in the process of locating and maintaining the wells. When a
community was involved and when the other early wells in the region
proved that they provided a reliable source of water, a community would
provide the necessary labor for its own projects.

CASE 2: MOROGORO SHALLOW WELL PROJECT

The Morogoro well project is a replication of the Shinyanga project
with a few exceptions. It was funded in 1978 by a joint agreement between
Tanzania and the Netherlands. The goal of the project is the construction
of 550 wells at the rate of 20 wells monthly over a three-year period.

A project headquarters was constructed to build all the components neces-—
sary for the wells. As in Shinyanga, the project provides all the services
necessary for administration, installation, and maintenance. There are

two differences between the Morogoro and Shinyanga project: the type of
well construction and the pump.

In Moregoro, wells are excavated by using a hand auger rather than
by hand digging. This makes it possible to use a smaller diameter hole
and thus smaller concrete rings for lining. The smaller well is feasible
because the aquifers in Morogoro provide more water than those in Shinyanga.
The reservoir of water provided by a larger diameter well is not necessary.

The pump used in Morogoro is also different. Although the intermal
mechanism is the same as used in Shinyanga, the superstructure is com-
pletely different: there is no handle. Water is pumped by stepping on
a footrest welded to the base of a shaft. Eliminating the pump handle has
decreased the cost of the pump. The designer expects the new "kangaroo"
pump to be more reliable than the Shinyanga model, although not encugh
have been installed to make definitive judgements.

As in Shinyanga, the Morogoro project hires local labor to do the

construction work. Workers are paid Sh 7 daily--higher than in Shinyanga,
but less than the standard wage. People welcome the work, although it is

A-2



not clear if enthusiasm results from the contribution to community welfare
or from the opportunity for employment.

Both shallow well projects are successful. Shinyanga has been com-
pleted and is being completely run by Tanzanian personnel. Morogoro has
just started installing wells, which should also succeed, since the tech-
nology and methods are similar and the aquifers are more suitable.

In contrast, shallow wells built by the Regional Water Engineer
(not as a part of the two projects) were either more expensive or did
not work. In one of the installations the problem was design and in
another the problem was construction., Both cases are outlined in detail
in later sections.

CASE 3: SINGIDA WINDMILL/DIESEL PROJECT

The Singida windmill/diesel project is a joint project between
Tanzania and Australia, started in 1975. The purpose of the project is
to provide water for people and livestock. Water is obtained from deep
wells and pumped primarily by windmills. Wind velocity is sufficient to
power the windmills for an average of nine months annually: those which
correspond to the dry months of the year. When wind is not sufficient
a diesel engine drives a pump on an additiopal well. Both wells deliver
water to an elevated tank with a short pipeline leading to communal taps.

The single well providing water for livestock is located away from
the village, and is pumped by a windmill. During the rainy season, when
there is insufficient wind, there are alternative sources for water for
livestock.

The windmills are considered desirable because they are reliable,
require less maintenance than diesel pumps, and operate without fuel.
The useful life of a windmill in Australia is up to 80 years. The only
routine maintenance is a semlannual inspection and an oil change every
five years.

To ensure the continued operation of the project, the Australians
have started a school to teach operators and mechanlics. As part of the
school the project is building a model willage, served by a windmill and
a diesel engine, that will house the students and provide practical exper-
ience with operation and maintanence.

There have been problems with the project: drilling rigs are unsuit-
able; spare parts and basic materials difficult to obtain; Govermment
counterparts have not been provided; and windmill towers have been vandal-
ized.

Schramm drilling rigs are the standard drilling machlnes used in
Tanzania. The goverrmment has a large surplus and insists on using them
for all substantial drilling projects. The Australians consider them a
poor choice for the conditions encountered in Singida. They also find
that the rigs are not well maintained. To use the rigs, the Australians



had to set up a maintenance facility, which was later expanded to pro-
vide maintenance for all the Schramm drilling rigs in the country.

The project had problems getting a sufficiently uniform supply of
punps for the diesel-driven wells; for the variety of pumps that they
could obtain, spare parts were not always available. Finally, the
project staff decided to ilmport Australian pumps and spare parts.

Other basic supplies are sometimes difficult to get. When the
project needs cement, a truck is dispatched to Dar es Salaam, where the
driver wailts until he is assigned a load. The lack of an assured supply
of cement has slowed the progress of the project. During the period when
the team was in Singida, all project activities stopped because there was
no fuel to operate the vehicles or drilling rigs.

Windmills, which are so dependable in Australia, were threatened
in Singida by persons who removed the bolts supporting the tower. Each
windmill is now surrounded by a chainlink fence topped with barbed wire.

The slow pace of the project is disappointing to the Australians. To
speed up the project, a program to bulld shallow wells on the Shinyanga
model began in July 197%. Although this supplementary effort is consid-

ered only as a stopgap measure, this simpler technology may prove to be
a more reliable source of water for Singida.

CASE 4: GRAVITY SYSTEMS

Gravity systems are being planned as part of a donor project in
Iringa. At the time of the evaluation, the project had not started. We
did see gravity systems serving villages in three regions: Iringa, Mbeya,
and Morogoro.

CASE 5: DIESEL SYSTEMS

Diesel engines are parts of systems that pump water for surface
sources, shallow wells, and deep wells; we encountered them in every
region. The diesel engines we saw were manufactured in India, England,
and Italy., Problems with diesel engines include poor installation, poorly
trained operators and maintenance staff, lack of spare parts, and an
uncertain supply of fuel.
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BILATERAL ASSISTANCE TO THE RURAL WATER SUPPLY SECTOR

RURAL WATER SUPPLY SECTOR STUDY

TANZANIA

APPENDIX B

ASSISTANCE

luding substantial technical
3 and volunteers
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One water chemist and one senlor water technician in MAJI

Two driliing rigs and drilling experts in Tanga and Coast

Conatruction of Handeni trunk main
Construction and equipping of hydrological stations

Eight experts to assist in the implementation of item 10

Provisicn of two drilling rigs with accesseries and sup-
port vehicles together with a team of Australian experts

Sinking of 700 shallow wells, equipment, fellowship and
Asaisting In formulation of terms of reference
One expert as Director of Construction Division, MAJI

Five 3-year scholarships in water engineering in Mungary

Five scheolarships in water engineering in Hungary

A number of civil engineers to MAJL

Provision of rural water supplies (number not available)

Provision of 4-year university course for water engineers
179 students started 1975; 30 students started 1976

Technical assistance/87 engineers and senior technicians
ate currently working in MAJI

{Source UNDP) 3
ASSISTANCE COMMITTED
PROJECT/ACTIVITY (Title) SOURCE USS. EQUIVALENT DURATION N
1. Rural Water Development Sweden 45 302 670 1965-1976 Comprehensive pro
assistance throug!
2. Master Water Plans for Sweden 2 733 540 1975-1978 Consultancy servi
Mwanza Region
Mara Region
West Lake Region
3. Magter Water Plans for Finland 4 600 000 1972~1977 Conaultancy rervices
Mtwara Region
Lindi Region
4. Water Engineering Finland 100 000 1973-1975 Two water engineers at MAJI
5. Water Engineering Finland 90 000 1975-1977
6. Magter Water Plans for Canada 2 700 000 1975-1979 Consultancy services
Coast Region
Dar es Salaam Region
7. Master Water Plan for F.R.Germany 2 115 300 1974-1976 Consultancy services
Tanga Region ’
8. Water Development F.R.Germany 1 233 500 1972-1976
Regionsa
9. Rurael Water Development F.R.Germany 6 938 000 1974-1978
t0. Extension of Hydrological Norway 1 600 000 1973-1978
network in
Kigoma Region
Tabora Region
Mbeya Region
Rukwa Region
Rubuma
11, Extension of Hydrological Norway 296 D00 1973-1978
network
12. Rural Water Resources Australia 1 500 000 1974-1976
Project in the Singida
Region
13, Water Supply Development Netherlands 906G 000 1974~1977
Shinyanga Region ) 10 experts
14. Water Master Plan for Netherlards 19 000 1975
Morogore Region
15. Assistance to MAJI Netherlands 55 000 1973-1975
16. Water Supply Hungary 1975-1977 Seven watet engineers to MAJL
17. Water Supply Bungary 1973-1975
18. Water Engineering Education fungary Not available 19741975
19. Aseistance to Water Pakistan 1975
20. Water Development China
21. Training India
22. Water Engineering India
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APPENDIX C

REQUIREMENTS FOR USAID/T POTABLE WATER PROJECT

The purpose of this report is to detail the requirement for a USAID/T
potable water project as a component of an on-going Arusha Planning and
Village Development Project.

For further details in design and methodology see "Arusha Planning and
Village Development Project,"” (Project Paper No. 621-0143), July 1978,

The following report is also the field summary left with USAID/T at
the conclusion of the evaluation:

In Arusha Region, the project should concentrate only on selected
aspects of the water master plan, leaving other tasks for future assess-
ment and decision. The initial phase should concentrate on the collection
g village supplies and a preliminary assessment of the
mtial., This should be done through secondary sources
g + potential village sites.
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The personnel needed to carry out these tasks include:

Job Description Nationality ' Period
Hydrogeologist U.s. 1 year
Hydrogeologist Tanzanian 1 year
2 survey personnel Tanzanian 1 year

Wells Program

An organization capable of installing 20 village wells monthly should
be provided. With an ultimate objective of installing 750 shallow wells,
an investment of approximately Sh 4,000,000 would be required. Specific
items to be funded would include:

Vehicles and vehicle workshop equipment Sh 1,500,000
Concrete rings, covers and pump factory 150,000
Survey and laboratory equipment 1,000,000
Well construction equipment 1,000,000
Pump installation and maintenance equipment 7,000
Office and buildings 500,000
Administration, stores, miscellaneous 15,000

Sh 4,172,000
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Personnel requirements are:

Job Description Nationality
Project Manager U.s,
Hydrogeological staff:
1 Hydrogeologist U.S.
1 Hydrogeologist Tanzanian
3 Surveyors Tanzanian
3 Helpers Tanzanian

Production Section:

1 Supply Officer Tanzanian
1 Concrete Factory Foreman Tanzanian
1 Pump Factory Foreman Tanzanian
1 Filter Construction Foreman Tanzanian
1 General Workshop Foreman Tanzanian
1 Production Supervisor Tanzanian
1 Welder Tanzanian
2 Plumbers Tanzanlian
8 Helpers Tanzanian
Transport and Mechanical Section:
1 Transport Supervisor Tanzanian
1 Transport Clerk Tanzanian
1 Helper _ Tanzanian
30 Drivers Tanzanian
6 Vehicle Workshop Tanzanian
13 General Maintenance Tanzanian
Administration:
1 Administration Supervisor Tanzanian
2 Administration Clerks Tanzanian
1 Stores Supervisor Tanzanian
9 Stores Clerks Tanzanian
3 Helpers Tanzanian

In addition to the fixed investment costs, a shallow wells program
would require an operating budget of Sh 360,000 annually which would pro-
duce 40 operating wells monthly. This is exclusive of expatriate staff and
government personnel. Before making such a large capital investment, one
year might be spent testing the technology and village acceptance of the
punp. Assuming 40 wells would be dug and 40 pumps purchased and installed
in the first year the costs would be:

1 Survey Set Sh 26,200
Materials 240,000
40 Kangaroo Pumps : 116,000
Overhead 60,000
Transport 250,000

Sh 692,000
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Health Education

There are two possible health components to a rural water project:
preventative and curative. A preventative health education component
should be planned by a consultant after a brief village-level survey of
current sanitation practices. If a program appears warranted, it should
be designed for school groups of all ages, the adult community, and women
and parents groups. Using the same survey, a curative program to assist
health delivery personnel in the recognition and treatment of water-
related disease prevalent in the reglon could be designed.

Implementation of this program will be under the direction of rural
development specialists who will coordinate activities with appropriate
village, district, and regional level personnel.

Perscnnel Requirements Nationality Period
Health Education Specialist U.s. 1 year

Laundry Facilities

A suitable area for clothes washing should be provided within 10m of
the water source., The facility should consist of a well-drained standing
area with a number of simple water containment devices (tubs) with drains.
One tub should be provided for each ten families, Tubs should be made of
concrete or other durable low cost material. Drainage should be designed
so that the waste water will be directed away from the water source and
s0 that no standing water will persist.

Bathing Facilities

Simple enclosures for men and women with well-drained standing areas
and drains for waste water should be built within 25m of the water source.

Care should be taken to direct drainage away from the water source and to
avoid standing water.



SPECIAL STUDIES

No. 1: The Socio-Economic Context of Fuelwood Use in Small
Rural Communities (August 1980)

No. 2: Water Supply and Diarrhea: Guatemala Revisited
(August 1980)

No. 3: Rural wsataer Projects in Tanzania: Technical, Social, and
Administrative Issues (November 1980)

PROGRAM DESIGN AND EVALUATION METHODS

Manager's Guide to NData Collection (November 1979)
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